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(54) PROJECTION OPTICAL SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an optical system which 
facilitates processing and regulating of aspherical lenses while 
assuring high resolution power and wide exposure regions with a 
smaller number of elements of component lenses by having a 
plurality of aspherical lens, of which one-side surfaces are 
aspherical and the other-side surfaces are plane. 
SOLUTION: The projection optical system for projecting the image 
of a first object onto a second object has a plurality of the 
aspherical lenses, of which the one-side surfaces are the 
aspherical and the other-side surfaces are plane. The projection 
optical system comprises, successively from the object side, a first 
lens group L1 having positive refracting power, a second lens group 
L2 having negative refracting power and third lens group L3 and 
fourth lens group L4 having positive refracting power. For example, 
the first lens group L1 is constituted by arranging, successively 
from the object side, an aspherical negative lens of a planoconcave 
shape of which the concave face is directed to an image side, a 
positive lens of a biconvex shape, an aspherical position lens of a 
planoconvex shape of which the convex face is directed to the 

object side and two positive lenses of a meniscus shape of which the convex faces are directed to the 
object side. 
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A!fclHffl*|q|»-fc 3 PIHUKttO*3»BBftV>X, nfiKHBtt 
©ft b >X. IMIHCEflfflS AI?&¥IHI^0?ranft 
b>Xx ©3#t©ftb>XC<fc tJfllJlRbTV^. 

[0 0 7 5] *3ttM®J:5£gfttftDAU>XftBB 

^Bi'VX^ffiB-rsckTN ^ft©^?-**?- 

*»2 U>XWL2C*V^T3EC#jftUiai't>*BJKlS* 
[0 0 7 6] g§3 b>XS£L 3 &2 b >Xi¥L 2 A 1 

IEb>X, P8OJKtt<0*»ffliEU>Xv PO£iJfctt©IEb 
>X, CitJMbt^S. 

[0 0 7 7] C©13 b>XHL 3©§g5^J£fflB#f;bC 
«tt». I4l/>XiL4'MDMfflAltil»i2^J: 
T% *4b>X»L4fc*tt***JRIS©$65fc4«l*.T 
OS. X. $2 b>XS*L 2©JBIf^4*^<1-5Ci: 
#TJS, IS2b>XpL2i34.5^Sti§lS]©liiJ££Ji£F 
iCfTfc? ~ k#T-£3. St, C©H3 b>XSIL 3© 

^jsifr^t «t d> ^v>ft©sRffliR^^^-rs. 

[0 0 7 8] !f!4 b>X§*L4fct. *«tH3Wt7 l Hs 
>hyy******WWSfc»fc» IE©ffi#r:£/£*j b 



-X#XJfctt©IEb>X. fMHfclHlfflfcfattfc*^** 
*Jfctt©#ScfflIEb>X, fjft:ffi9taffi*(filttfc^-^ 
#.Xffctt©IEb>X, 5tf, ^ffliJtEIS^Iqlltfc^ElB 

#3$ffiIEb>X. CfcOfcjfcb-C^a. 
[00 79]«riC, N A A 5 0 . 6 5 T-&£#*lC*f b 

ffiu>X*EBbT^a. x, «ffitt5Efc:#J*ffl*E« 

So 

[0080] i^. *mmmx'it, #^bu>x©^«bs 

#nx®©SM#¥ffiT-;fc.£b>X£7#c{£ffiU 

jHnioaffiWitfeav >x* 2 bTv^s. 

[0 0 8 1] 11 3 t^-r»«*fliffil 2 ©=f|#:i$& b >x 

fifjE&fciu B l ©»fii*«E«l l fcit^T, ±r©#»ffli/ 
>X©#itSSnxffi©^ffiAS3pffi-r-feSCi:, XtF, 31 
1 b>XPL 1 ©«##»#« .fc&Jfifc:, 

mitz^mBW.oimmn v >x, tc dd ® ^ ir] tx 

tz* -X*Xff$ttfflIEb>X, PSflm*t©IEU>X, #3 
frffl|{3flH*|pl{tfc¥a^«©*5R®jEV>X$BaBb 

[0 0 8 2] X, 312 b>XPL 2J4, 4, t> JK 

Cx ^#iHG3M4iRl^fc^^.^AX^tt©ftl/>Xv « 
(SUCIHIffl*|pHtfc^IH]ff^©*5RfflftU>X, PaMflMK 
©ftb>X, ^#Jt(H]ffi^lRlltfc^-X*XffJ)K©ft 
b>X, ©4t!t©ftU>Xtcfc 5««bTV^„ 

[0 0 8 3] »2l/i/X»L2fflJ»^EItti5J:DS<«: 

tTft^tv^, x, s§3ix>xpL3{±, mi^mt^m 

£flffl*ftttfc¥flJfctt©#3*fflIEb>X> iaatM$tt© 
IE b >XC 4 •} «J5E bT V^ 3 „ 
[0 0 8 4] M£> H4 b>XPL4ii, ^ttflj «fc D JH 

>X, *Wc|H]ffi£pW;fc^X#XffM£©2*fcfflIEb 

>x, ^fiicH®*[sutfeftv>x, ^j^jtcaffi^iRi 

ltfc¥OJKtt©*»ffliEU>X» Jc<k?)«figbTV>5. 

[0 0 8 5] 05 lew? m.mmmm 3 a t> m 

C IE©fl|fA*ttSSll/>XffLK ft©|g#T* 
4«ni2l/>XSIL2, IE©JB*f^5:*-r-5^3 b 
>XSL3, ©OJB«f**«r*!B4 U>XPL4, IE 
OS*f***-r5*5P>X»L5, ZE©S#fir5:#-r 
5^6 1/>XSL 6tJ;»)«fi!(i^^^TV^5. 
[0 0 8 6] -©S[ffi*S£^J3©b>X«^(4, ^V^ft 
b>XS¥*5t^*C2-D^bT^5jSX-IS[ffi||BB^ 
1, 2fcl4Hfc«. 

[0 08 7]il U>X»L 1(4, ttflsftJiOJKt, * 

ffijk:fl®4inutfc¥a^tt©iEb>x, 
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[0 0 8 8] ^2V>XgL2lt «t t) * t . <fe 

«cEflH*«t*fcy=x*xjett©*i/>x» f*«t[Hi 

[0 0 8 9] ;i©S§2 b>XS*L 2 tfg4 U>XS£L 4 
[0 0 9 0] g§3 U>XflfL 3tt, BMC* & 

tt©#»SfiU>X» ^Eff$«©SL'>X, J;t3«j^b 

S»fc*iEl/XO«. f5 1/>XSL5ll 
It, ««COH*ie8tt&¥OJBtt©#*iBIEl/>>^ 
PSfiffJttOIEl^X. (CfcBJgfSLT^So 
[0 0 9 1] c©i/>xtrci8£-rs3l^©©SffiJR*g 

*#*MSCT£C*|jELTH*. 316 b>XS¥L 6J±, 
ftftfilJ;t)It> «J*«tOB*|p|ltfc¥OJKtt©*« 
®IEb>X, fcffifcKJBt^ttfep^XJbXJBttCjEl/ 
>X. *fflfcMffl*fattfc*=X*XffiM*©l/>X, » 
WM C B3H * e (t fe p« = X * X JKtt© #*1B U > X» 

[0092] ^ *mmmT-i±. *»bu>x©*»b 

inixB©*B#¥BT-fc.5lx>X4 6#te/f U 
iPXB©SB* J BRBT-ab5b>X^ 1 &<£ffl LTV^o 

[00 9 3] 07 fcjj*-r«fi*tfi« 4 ttfeftfil J: D JH 
tc, iE©JB#f***-r*»l 1^>X»L 1, H©JS#r:*J 
^^ram2U>XgfL2, E©H«f***r*J63V 
>Xg¥L3, g©S#f±rS:«f -S^4 b>XPL4. IE 
©JSJf^^^^-5^5 V>XS£L 5<fc»)#£fd<;LTV>.5o 

[0 0 9 4] C ©&<*SHi60!| 4 tt, 2&fg*J60iJ 3 i: |HJ« 
fc» *^JR + fc»^ftU>X*2t3#UXl'<*^-es * 
ft&ffiftl, 2i:fcfcH&So -fbt, icfI*SE^I3 tit 
HbT, Hl/>XifLlfflMIII4 s fi<, fr-oSI3 
U>Xi¥L3©«fg^A5<fcb#fg ( - lfS) CJE^Po 

[0095] fl#«cii u>xi¥L mitm*.*) 

JBfc, WiajKtt©#«BjEl'>X, <MHtGflffi*iR|W-fe 
pC^X*XJKtt©©b>Xv iSSflfl^KffliEbVX, <fcB 
X, 3§2 b>XgfL 2t±, «B*«J:5«tx &B 
{CD£l®*[RlW&^^X*Xff$tt©fil/>X, ^BfcCSB 
*|Djl*fc¥Hffim©#l*B<ai'>X, SHJKtt©ftU> 
X, i&fcS. X, fg3 b>XS¥L3J;fc, ^ffll J: 
£&*fl£flB£ftttfe¥afl£tt©IEl/>X, 3*fc©Padl 
JKtt©IEU>X, .fcBJif&L-C^-So 

[0 0 9 6] ^4 p>xgfL 4<±, mmftm<z>nv> 

X, iHMCDI^IiU>X> itJftl,. 1C, IS5 



¥dJKtt©*»BiEU>X, mihBtf.(DjEl'>Z. Vdfr 

B^lqlltfe^-X*Xff$tt©ai/>X, fj#ffi!l£flB£ 
ft(t&¥flJ&tt©#3$BIE^>X, iDMbt^S. 

[0 0 9 7] |Su JfcgfeSMHTfWU #i!l/>X©#M 
iDXB©SBA s ¥BT*feSU>X* 5 8cftfl§U #ms 
iPXB©S®* 5 i*BT-fe-5l^>X$ 2ttfMl/T^S. 

[0 0 9 8] 09 t^-T*itHilE« 5 {±11 5 ©ftffi&Mi 

wacjt^x^SBi/^x^x ±r^»Hinxffl©*ffl 

X, »«JERCov^Xtt**t*JS«3 kH«fc6»fll*-e 

Ji^&b>X#|JE£#ll&S, 
[0 0 9 9] «ffc8 2 V>XffL 2(±, %#«<fc 
*«fcE0ffl*l^»tfc¥C3JBtt©*»Bftl'>X, P>5IHJJ& 
tt©gU>X, iB&S. X, S§3 U>XS¥L 3(i, % 
fMB<k »> J«fc*ffiCiSffl*fattfc¥i&Jfctt©##® U > 
X, PSi2i^tt©2«c©iEU'>X> ^#Jfc[HlB*[Rl(tfe^ 
-X#XIE^>X<£ B&So 

[0 1 0 0] X, 16 U>XML 6 AS* ft 

itfc¥a^tt©^BiEu>x, mamvxDjEisyx, 

fft«tI!flffl*lRl^fc^=X*XflU>X, iDiilT 

[0101] 011 t^-r^fitHSEW 6 (±^jft;{i i »> JIM 
C, IEfflJB*f^7*#-r-5» 1 l^>Xf¥L 1, H©H#fiJ 
*ttSl2U>XSL2, IE©S#f**#t--5S3 1/ 
>XPL3. ft©IJf*^t5^4 1/>XfifL4, IE 

©ia*f^^^-ra«5 i^>xs¥L 5, ft©iB*TA**-r 
l 7, ici ti^mL-cv>a, 

[0 10 2] £©K«^«6©U:>X«JSH\ %^ft 

p>x»*#^#+c3o*LT^ajSi-c* »<a*js«»j 
l~5t.fcfc||fc£. ccDi^&iaat:«t !), ft©a#f;>j 

/wi/ffiiJiWicliiELT^a, 

[0 10 3] mivyxmh lit, * 
fllfcAB£ftttfc¥flffiJtt©#I£BlEU>X, PSflJ&tt 
©IEb>XJ; 0&£o XI2 U>Xff(i^«cfc Blit 
iS9[HMtt©*V>X, EIB*^ffl!lt:|qUtfc¥IHimtt©^ 

nmnv>x, «tt)*a 0 i3i/>x{fL3ii, ^ 

«:#J«fc OJBK:, *«COW*[qUtfc¥fl»tt©*aiHiE 
U>X. P5CiJEtt©IV>X. J:!) ft*. 
[0 10 4] MtS4 b>X#L4«\ %^ffi!l«t »))« 
PSCa^tt©^l/>X, ^^HcHB&lqUtfc^Gfl^ 
tt©#$KB*L^>X, ^5b>XS¥L5tt, 

IElx>X, PSflJKtt©2«C©iEl/>X, i?3^a. ^6 
U>XPL6(±, tJ^tJiBJiC, ffiDfl^tt©ftl/> 

x, »*«tiais%raitfe¥Cfl»tt©#aHAu>x, 
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[0105] MCtt, 171/ >XS¥ L 7 J4, ^ftflU i> 
Jfifc, flMUcflilB*iai»fc^d3i»tt©iEU>X» fiMHfc 

V>X. «S»flUcflM4(6jW&3pOJKttOiEU>X, ffe 
tltGflffi4[pI{tfc^-^*^^tt©IU>X, ^HJBtt 
©ft 1/ >X» «H*«tOiB*lRlW-«:¥OJKttO*»BiE 
U>X. «fc tUffJEdcLT^S,, 

[0106] i^, *mmmxi±. *to#*ihu>x© 

[0107] 013 tc^f SflHSStfiJ 7 (i»ffiHJE^ 6 
fcH«C^>X»©*ffi#BD7»T?*.5*s. 
U>X©IB/j)t#ll&S. ^2 lx>Xi¥L 2(±, ftfrfilJ: 
& «CfllUBK:iaiB*lRl»&¥BUBtt© 2 #©#l£Mli 1/ 
>Xfc<fc 0&-5o 

[0 10 8] X, g§4 U->XgfL4fi. 

C, ^ffiflt:iHIffl4[S|(tfept-^A^JBtt©ftu>X> fsa 

if|b>X, X. £5 l^>Xf¥L 5i±, % 

IEU>X, P8dJBtt©jEb>X» »#«fciSiH*|n|ttfc 

[0 10 9] f 6l/>XgL6lt Wia«tt©2tt©ft 
^>XJ;»3 5fcS. Mi:!i> SS7 1/>X»L 7 it, ®1#PJ 
«fc **^dbffi*fttt&¥iajfctt©#«HIEl'> 

tt©#I*ffiIEU>X, <tt)^M,bTV>S„ 
[0 110] 2&{i«6fl»J6, 7fc:*3Vvt#M<&ftT 



[0 1 1 1] X, JU±©»«*6B««C:i3^Ts #33c®ffi> 

[0 112] St, <*E©£J60!|tt, WWfcLX-r^x 
53$l/>X£fflOfe* s . £5*«^T**to&^. IP 

[0113] IC, UT193 nm© 

Ar F$g£/SofeA 5 . K r FifcRaR^tt* F 2 U— tf 
-&ft^©S'J©&:5T-t>rafcfcV>. 

[0 1 1 4] X, W±©«k5 fc6*&#3Mlffl*-f X* 

mmmhisXmistzifi, ^mm^m^mcDmmt^mx- 

fc3#ScBU>X£ffl^X^£^lfcT*fcft<4\ ±i£b 

[0 115] fit±©«tx *»Btffl^5CJ:tJ;oT 
U>X«RS:*«fcH!l*U froid^MPSft^-r-Btt 
^m^Ji^T-^ 5 t>{C, -effl^«S©ftnxffl©^ffi 

[0 116] ttTt, ±fB©»«3tEJ6JB!B©«l«lt7c* 

i#B©U>Xffl©tt*¥£» ditt*B*M8,k»>Jfifc£ 
iSSCU^X^S^r^Ei, N itti»i*:fll<k tJJIC 
^i#B©U>X©5H^©jajf**^-r*)©i:-rs. 
ffix 19 3 mmtMrSSilffliWa 1 . 5 

6 0 2 

[0117] Sfc, ##ffi©ffiM*ttita5» 

[0 118] 

mil 



Si. 



+ AH* + BH 6 +Clf+DH l< '+EH 12 + F-H u + GH u + 



[0 119] CT4x.e.n5t(Di:tS. CCiC, X(± 
>>XJM^*4)Jfctt*|oI^©^{ia, H(±*$t*f>©gg 
«U r ittdM^g, kttR«b£»U A, . . . , Gtt 



[0 12 0] XHJBC^ffSCfcttffilllllffilfcfflHfR* 

s i ~a7tgt„ 

[0 12 1] 
[*U] 
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mmmmmv 



i 


r i 


di 


ni 


1 


0. 000 


11. 000 


1. 56020 


2 


241. 465 


56. 884 




3 


257. BZB 


25. 258 


1. 56020 


4 


-2696. 927 


22. 315 




5 


355. 072 


19. 305 


1. 56020 


6 


0. 000 


1. 048 




7 


154. 997 


29. 861 


1. 56020 


8 


982. 874 


18. 031 




9 


166. 757 


21. 426 


1. 56020 


10 


237. 897 


43. 147 




11 


-132. 031 


11. 000 


1. 56020 


12 


0. 000 


13. 161 




13 


-127. 448 


11. 000 


1. 56020 


14 


112. 752 


30. 387 




15 


- 1 30. 280 


14 551 


1. 56020 


16 


0. 000 


16. 100 




17 


273& 653 


17. 304 


1. 56020 


18 


-355. 680 


57. 482 




19 


628. 158 


35. 237 


1. 56020 


20 


-279. 154 


5. 005 




%\ 


767. 583 


21. 509 


1. 56020 


22 


-814. 760 


7a 543 




23 


0 O(stoo) 


129. 473 




24 


401. 982 


22. 1 30 


1. 56020 


25 


0.000 


1. 647 




26 


231. 031 


37. 985 


1. 56020 


27 


2335. 067 


2. 206 




28 


216. 165 


29. 443 


1. 56020 


29 


616. 097 


3. 999 




30 


142. 250 


41. 935 


1. 56020 


31 


441. 153 


12. 344 




32 


0. 000 


13, 525 


1. 56020 


33 


174. 747 


6. 283 




34 


369. 487 


33. 703 


1. 56020 


as 


0. 000 







0bj-distatice= 70. 000 



nspherical surfaces 



2 0. OOOOOOefOOO 

5 0. OOOOOOefOOO 

1 1 0. OOOOOOefOOO 

15 0. OOOOOOefOOO 

20 0. OOOOOOefOOO 

24 0. OOOOOOefOOO 

29 0. OOOOOOefOOO 

33 0. OOOOOOefOOO 

34 0. OOOOOOefOOO 

I E 

2 -1. 793948e-026 
5 -4. 046791 e-026 

II 1. 475317e-023 
15 4. 268760e-023 
20 1. 950744e-027 
24 1. 190929e-027 
28 -1. 669734e-026 

33 -3. 567106e-023 

34 -1. 577428e-023 



1. 1S9489e-OD7 
7. 740697e-O09 
-6. 762574e-O08 
-5l 7046lOe-OOB 
1. 749556e-008 
1. 202552e-OD8 
4. 480818e-009 
1. 5B2171e-OD9 
a 99301 5e-O09 



a OOOOOOefOOO 
a OOOOOOefOOO 
a ODOOOOeWOO 
a OOOOOOefOOO 
a OOOOOOefOOO 
0. OOOOOOefOOO 
a OOOOOOefOOO 
a OOOOOOefOOO 
a OOOOOOefOOO 



B 

5. 521468e-012 
1. 2280826-012 

1. 2952536-011 
-1. 735874e-0l2 

2. 878338e-013 
-1. 845670C-013 

1. 806535e-013 

2. 601211e-012 
1. 089272e-011 



-1. 3132186-016 
1. 550282e-017 
1. 2731986-015 
3. 5902246-016 
-1. 238559e-019 
7. 9265706-018 
-1.7003376-017 
-8. 1645806-016 
-1. 330430e-015 



T. 0235956-020 
-6. 688531 c-022 
-1. 1206566-019 
-3. 791498e-020 
-1. 863774e-022 
-1. 4676776-022 
-1. 0290846-022 
-7. 6810846-020 
-7. 492539e-020 



OOOOOOefOOO 
OOOOOOefOOO 
. OOOOOOefOOO 
OOOOOOefOOO 
OOOOOOefOOO 
OOOOOOefOOO 
0. OOOOOOefOOO 
0. OOOOOOefOOO 
a OOOOOOefOOO 



[0 12 2] 
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1 


r 1 


At 

01 




1 


fx nnn 
C UUU 


1 1 AAA 
1 i. UUU 


1. 56020 


2 


291. 960 


1 % ETC 

I 1 Bib 




3 


-2468- 391 


18. 430 






-2 1 2. 937 


2. 174 




5 


632! 275 


36. 661 


1. 56020 


5 


-19S. 510 


1.716 


1. 56020 


7 


209. 897 


3D. 603 


a 


0. GOO 


10. 9E4 




9 


179. 370 


11. 379 


1. 56020 


ID 


86. 411 


36. 359 




1 1 


0. 000 


9. 310 


1. 55020 


12 


137. 526 


70. 188 


1. 56020 


U 


-94. 61 S 


9. 310 


14 


354. E74 


22. 479 




15 


-94. 483 


IOl 344 


1. 56020 


16 


■in B t 7 

— BIS. BtM 


9n ion 




17 


iiBT eel 




1. 56020 


16 


9iT nni 

- L It, UU 1 


1. HUH 




19 


fi nnn 
ul uuu 


in Ann 
*u. uuu 


1. boUZO 


zu 


iJ4 U3» 


1- uuu 




9 1 

Zl 


.177 9*9 


17 <na 

J I. 940 


1 C A/19 ft 


1.1 


.tIC I09 
3 1 3* III 


on. ids 




93 




ILV< HUL 




24 


298l 270 


48. 200 


1. 56020 


25 


a ooo 


11. 574 




26 


276. 6B7 


36. 978 


1. 56020 


27 


a 000 


10. 799 




26 


203. 097 


32. 137 


1. 56020 


29 


631 727 


2. 293 




50 


186. 253 


28. 417 


1. 56020 


31 


1013. 907 


6. 612 




32 


1325. 581 


18. 749 


1. 56020 


33 


107. 474 


Zt 379 




34 


180. 126 


11 257 


1. 56020 


35 


0.000 







aspherical surfaces 

j K A B CD 

2 a 000000e+000 3. 736230e-008 1. 038Z22e012 -3. 965564e-016 -5L 5057776-021 

7 0. 000000e+000 4. 64B022e-009 4. 1581336-012 1. 071 518e-016 -a 266750e-021 

12 0, OOOOOOe+000 -1. 026517e 007 1. 142371 e-011 1. 548505e-015 1 030974e-019 

20 CtOQ00OOa+O00 2. 096099 e -008 3. 467669«-OI3 1 256954e-01B -4. 656722e-023 

24 a OOOOOOeWOO -3. B21224B-009 -5. 5793966-013 7. 419379c-018 -1 142413e-Q22 

26 a OOOOOOe+000 -L 374654e-008 3. 141420e-013 -2. 5B3907e-O18 8. 955907e-023 

34 OlOOOOOOd+000 6. 812835e-008 5. 147001 1-01 2 -1. 362069e-017 8. 105142e-O2O 

I E F G 

2 1 907528c-024 -2. 229641eH>28 a OOOOOOe+000 

7 7. 709364e-D25 -4. 176635e-0Z9 0. OOCODOe+000 

12 -a 699762&-024 1. 59C852e-026 0. OOOOOOe+OOO 

20 -1. 190790e-027 6. 053524e-032 a OOOOOOsHJOO 

24 7. 9433156-027 -9* 39S981e-032 a 000000e4000 

26 -8- 4044S6e-027 7. 322317e-032 0. OOOOOQeWOO 

34 -1. 014027e-Q2J 8. 1982086-028 0. OOOOOOefOOO 

[0123] [^3] 
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} 

I 




u 1 


n 1 


1 


& 000 


35. 283 




9 
X 


-9f19 9C« 


1 nnn 




a 
« 


Iflfi. 479 

l«Wi lit 


71 £87 
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ftipherictl surfaces 
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2 0. OCOuOOefOOO 2. 839128^008 -7. 21611 le-013 1. 446883e-017 8. 209235e-021 

10 0. OOOOOOetOOO -8.3968636-008 -3. 967152e-012 -4 351416fc-0l6 -6. 73O147e-019 
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■spherical surfaces 
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aspherical surfaces 
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